| M3Kd1, d6 and d7 directly phosphorylate OST1/SnRK2.6. Recombinant kinase inactive GST-OST1/SnRK2.6 (D140A) protein was incubated with M3Kd1, M3Kd6 or M3Kd7 kinase domains, and in vitro phosphorylation assays were performed with 32 P-ATP.
| ABA induces phosphorylation at Ser-171 in OST1/SnRK2.6. a, The sequence of identified phosphorylated peptide by mass spectrometry. OST1/SnRK2.6-GFP was expressed in Arabidopsis mesophyll cell protoplasts and purified by immunoprecipitation with GFP antibodies before or after 20 µM ABA treatment for 15 min. S(+79.97) indicates phosphorylated serine residues. Values (Control and ABA) indicate normalized peak areas for phosphorylated peptides. The phosphorylated peptide was not detected in the control sample. In contrast the peptide was clearly phosphorylated in response to ABA. b, An annotated mass spectrum of the phosphorylated peptide in the presence of ABA is shown.
Supplementary Figure 7 | Stomatal conductances and leaf temperatures of independent
transgenic ost1-3 Arabidopsis lines expressing OST1(WT or S171A)-HF. a, Stomatal conductances were analyzed in detached leaves of stable transgenic Arabidopsis [pUBQ10:OST1-HF/ost1-3 (OST1_comp1) or pUBQ10:OST1(S171A)-HF/ost1-3 (S171A_comp1)]. 2 μM ABA was applied at 0 min. Different independent transgenic lines from those shown in Fig. 3a were used. b, Relative stomatal conductances in (a) normalized to the average of the 10 minutes before addition of ABA. Data presented are mean ± s.e.m. from n = 3 to 4 leaves from independent plants in each genotype. c, Leaf temperatures of homozygous transgenic Arabidopsis lines (OST1_comp1 and S171A_comp1) were measured by thermal imaging. Plants were sprayed with 20 µM ABA, and thermal images were taken after 3 hr. The bright field image shows where leaves from neighboring plants over-lapped. d, Leaf temperatures were measured by using Fiji software (n = 5 experiments, means +/-s.e.m.). Letters at the top of columns are grouped based on one-way ANOVA and Tukey's test, P<0.05.
Supplementary Figure 8 | M3Kds activate SLAC1 channels together with OST1/SnRK2.6 in
Xenopus oocytes a, Representative whole cell chloride current recordings of oocytes injected with the indicated cRNAs. Currents were recorded in response to voltage pulses ranging from +40 mV to -120 mV in -20 mV steps with a holding potential at 0 mV and a final tail potential of -120 mV. b-d, Mean current-voltage curves of oocytes co-expressing OST1 and SLAC1, in the presence or absence of the indicated M3K proteins. In panel (b) and (d), the symbols of H2O, OST1+SLAC1 and SLAC1+M3Ks overlapped. One symbol is shown for some data points for better viewing. (e) Average SLAC1 mediated currents at -100 mV, co-expressing OST1, in the presence or absence of the indicated M3K proteins. M3Kd and OST1 and/or SLAC1 cRNA were injected at a concentration ratio of 1 to 10 to 10 (see main text). Data from one representative batch of oocytes are shown, with the number of oocytes in that batch indicated in parentheses. Control H2O and OST1+SLAC1 data are the same data in (b), (c) and (d), as these data are from the same batch of oocytes (see Methods). Four independent batches of oocytes showed similar results. Error bars denote mean ± s.e.m. f, Mean current-voltage curves of Xenopus oocytes injected with the indicated cRNAs. g, Average SLAC1-mediated currents from panel (f) at -120 mV, co-expressing OST1 isoforms, in the presence of M3Kd1. The injected cRNA ratio of M3Kd1 and OST1 isoforms was 1 to 10 (see main text). Letters on the bottom of columns are grouped based on oneway ANOVA with Tukey's test, P< 0.01.
Supplementary Figure 9 | M3K-dependent S-type anion channel activation is dependent on the M3K kinase activities and the Ser171 residue in the OST1/SnRK2.6 activation loop. a-d, Mean current-voltage curves of
Xenopus oocytes injected with the indicated cRNAs. The symbols of OST1-S171A+SLAC1+ M3Kd6 are not visible because the symbols overlap. e, Average SLAC1-mediated currents from panels (a) to (d) at -100 mV, co-expressing OST1 or the kinase inactive OST1-S171A mutant isoform, in the presence of the indicated M3Ks or the kinase-inactive M3Kd6-K775W and M3Kd7-K740W isoforms. When M3Kd and OST1 cRNAs were co-injected the ratio of M3Kd and OST1 cRNA was 1 to 10 (see main text). Data from one representative oocyte batch are shown. Results from 3 independent batches of oocytes showed similar results. H2O, SLAC1 and OST1+SLAC1 controls are the same in panels (a), (b), (c) and (d), as these were recorded in the same batch of oocytes. Error bars denote mean ± s.e.m. Figure 5e because they were grown on the same plates. Letters at the top of columns are grouped based on two-way ANOVA and Tukey's test, P<0.05. c, Wild type and m3kd1/d6-1/d7 triple mutant seedlings were grown on 1/2 MS plates for three days and transferred to 1/2 MS plates with or without 20 µM ABA followed by an additional seven-day incubation. Primary root length was measured using ImageJ software. n = 5 experiments, means +/-s.e.m., 10-13 seedlings per genotype were used in each experiment. Letters at the top of columns are grouped based on two-way ANOVA and Tukey's test, P<0.05.
